One of the important issues in neuroinformatics is the creation of a new research framework to encourage sharing of digital research resources in addition to the conventional paper-based research articles. In order to achieve the neuroinformatics activity, a database system to integrate disparate research resources is necessary. This study proposes a base database system termed XooNIps that utilizes the content management system called XOOPS. XooNIps is designed for developing databases for different research fields through customization of the option menu. Furthermore, several types of user authorization, reviewing system, communicating function between the databases etc. can be customized by GUI operations according to the site policy. XOOPS modules such as news, forums, schedules, blogs and other information can be combined to enhance XooNIps functionality. These features offer better scalability, extensibility to the general neuroinformatics community.
I. Introduction
Neuroinformatics (NI) is a new research field that promotes the organization of neuroscience data and knowledge bases by means of Internet technology such as open access databases (i.e., platforms). The Visiome Platform is a pioneering example of such a database in vision science realized using NI concepts [1] , [2] . It provides published references together with programs/scripts of mathematical models, experimental data, analytical tools, and related information. Data in Visiome are systematically stored in a tree-structure keyword index that allows users to keep track of the progress in their particular research fields. Users may download electronic resources from Visiome and use them in their research, subject to the license declared by the authors. Similar databases in other fields will be established in near future. A customizable base platform system is necessary for the development of these databases. The establishment of an International NI Coordinating facility (INCF) will be instrumental in adding momentum to this effort [3] .
The DSpace is a widely used system for institutional repository that can be adopted to NI databases [4] . It is released by the Massachusetts Institute of Technology libraries and Hewlett-Packard labs [5] , [6] under the terms of the BSD open source license [7] . DSpace has well designed features and functionality as a digital resource repository and is mostly used in university libraries. However, NI platform require other functionalities to build community sites for the exchange of information among researchers. The contents management system (CMS) provides those functionalities and can be customized in the development of NI base platform. Based on the basic features of the Visiome platform [1] , [2] , we aim to develop a base platform system of NI as one of the modules of XOOPS [8] : a CMS that has been most actively utilized and developed. The system is aptly named XooNIps (XOOps based NeuroInformatics Platform System).
II. System Architecture
XOOPS is an extensible, object oriented, easy to use dynamic web content management system written in PHP. In addition to the core system, website functionalities such as news, forums, schedules, blogs, etc. can be prepared as modules and separately installed as needs arise. XooNIps has been developed as an extended module in the system. The following lists the main reasons why we have chosen the XOOPS technology for this project.
• Operating costs can be reduced because XOOPS and supporting applications are available as open source softwares.
• A highly functional administrator menu for site customization is provided.
• Modules can be easily installed, uninstalled, activated, or deactivated using the XOOPS module administration system. This eases the process of expanding its features.
• An active XOOPS community around the world supports for localization to multi-byte languages, including Japanese, Chinese, Korean, etc. The difference between the XooNIps and more general modules is that it has a different database including an abstract layer from MySQL, a relational database required by XOOPS. This structure allows sharing the NI database with different applications. RDBMS: relational database management system. Based on the above features of XOOPS, XooNIps architecture is composed of three main components ( Figure  1 ). Users can access the NI platform through web browsers. Web application components include a web server, XOOPS, modules and database. The XooNIps module is at the same functional level as other XOOPS general modules. MySQL is used as a relational database backend for storing the data from XOOPS and its general modules including XooNIps.
XooNIps was developed as an open source software under the GNU general public license. The system is written in an scripting language; PHP, making it OS independent. The installation requires just a copy of the XooNIps modules to be placed in the XOOPS modules directory which becomes visible for activation in the administration menu [9] , [10] .
III. Key Features and Functionality

A. Index Tree
For a better view of inter-relationship among research materials, XooNIps provides a tree-structured keyword index (Figure 2 (1) ). The user can open and close the tree-structure and browse the contents listed by clicking a chosen keyword. This function provides a useful overview particularly to students and beginners.
B. Item Type
The XooNIps module categorizes digital resources according to item types (Figure 2 (2) ). Currently the system has reference papers, experimental data, mathematical model, tools, stimulus, simulator, presentations, books and URL types, each with their own sub-categories. The database moderator can create additional item types as an XOOPS module and install them in the system. The item type module as written by PHP defines the required metadata associated with the digital resources as well as formats for submission, modification, browsing, printing and searching.
C. Private, Group, Public Area
Registered users obtain a private area which is different from the public index tree (Figure 2 (1 XooNIps 3 of registered users who maintain their keyword index tree themselves. After the selection from the private and group area, items are finally uploaded to the public area. This can be simply realized by linking the items to the public index tree.
D. Guest,User,Group, Moderator, Administrator Accounts
There are five types of accounts, namely: guests, registered users, group moderators, moderators, and system administrators in hierarchical relation (Figure 3) . Registered users are allowed to edit their account information and private index tree. They are also allowed to submit a new item in the public area (Figure 2 (3) ). Group moderators can approve or reject items submitted to the group index tree which they can customize. Moderators have all the authority related to site management.
E. Search
Aside from the directory search provided by the index tree, XooNIps has a keyword search function (Figure 2 (4) ). Quick search function targets the metadata of owned registered items, metadata which was harvested from different databases by means of OAI-PMH (see G), and contents in the attached files. Advanced search function can specify the search fields such as title, author, date and so on.
F. Workflow System
Items submitted to the public area are assigned a pending status. It becomes publicly available after the accept button is pressed by the moderator. This review system could be disabled from the administration menu. Contributors can opt to withdraw their items even after the publication. The same procedure is adopted in the user certification. The required information for the user registration is also configured from the administration menu. This ease in customization of XooNIps greatly facilitates its use across different research communities.
G. Metadata Communication
XooNIps utilizes the Open Archives Initiative Protocol for Metadata Harvesting (OAI-PMH) [11] , [12] to support interoperability with other XooNIps platforms, and with other digital repositories such as DSpace and EPrints servers [13] , [14] . For example, since the metadata from a given database will be propagated to other XooNIps database in conformity with the OAI-PMH, users can search keywords across different databases. XooNIps currently offers the metadata sets to the harvesters in terms of the simple Dublin Core [15] and metadata schema proposed by National Institute of Informatics in Japan [16] .
IV. User Functions
After logging in, the following menu can be found as a XooNIps user functions (Figure 2 (3) ). 
A. Add New Item
New item (data) can be registered from this menu. At first the user selects the item type and then input the metadata such as title, keyword and so on (Figure 4) . At least one of the private indexes should be linked (checked) to the item. The paper and book item type have input support functions which can automatically complete the metadata from PubMed ID [17] and ISBN. The contributor needs to state the rights and the license of their original item at registration. XooNIps provides the application of the Creative Commons license [18] in order to avoid the complicated license preparation. The user can apply the appropriate license by only two mouse clicks (Figure 4 (2) ).
B. User List
The list of registered users is shown by this menu. Each user name has a link to the detail information which includes affiliation, research description, curriculum vitae and publication list ( Figure 5 ). The publication list is generated from the publicized items, that is, the items in the Public index tree.
C. Group List
Registered group information (group name, group description and group admin name) are listed. If the user would like to join in a certain group, contact the group administrator.
D. Notifications, Inbox
These are shortcut menus to XOOPS Notification and Inbox (private message) functions. XooNIps events such as index deleted, index moved, index renamed, item rejected, and item certified are notified to user through this function. The notification is sent by means of private message or email which can be selected from user customization menu.
E. Listing Item
All items subscribed in the private tree are listed. If a keyword is clicked in the index tree, only items under that particular keyword are listed.
F. Edit Private Tree
Each registered user can manage their private index tree. They can use it as an internet disk space. User can add, rename, remove, and move indexes in the private tree by GUI operations. The maximum number of keywords is limited by the XooNIps account management or site configuration functions.
G. Import
XooNIps has a XML format import function. Our developing software named Concierge [19] generates the XooNIps import file. The Concierge can manage research resources (files) with metadata and also prepare for registering his/her research results to XooNIps database.
V. Conclusions
This study described a new base platform system for NI; XooNIps. This platform features better scalability, extensibility, customizability so that the system can be operated under a variety of site policies. These flexibilities enable us to utilize the XooNIps not only as a NI platform [20] but also as a university database, institutional repository [21] , laboratory and/or personal database system. XooNIps orients the casual contents management system XOOPS to academic database system. Although the XooNIps and DSpace [4] have similar functionalities, the combination of the XooNIps module and XOOPS general modules such as news, forums, schedules, blogs, etc. expand the database into a community site to interact with members and visitors. That is, the XooNIps has definitive advantage as a communication server, which is the most important aspect in the future web 2.0 innovations. The XooNIps module is developed as open source software under the GNU general public license, therefore, participation in its application and development is highly welcomed.
